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1	Introduction




Previous	 studies	 have	 contributed	 to	 the	 knowledge	 of	 the	 DMC	 decomposition	 and	 the	 DMC	 combustion	 (e.g.	 [3–5]).	 Kinetic	 studies	 on	DMC	 conversion	 are	 also	 reported	 in	 literature	 [5–7].	 However,
experimental	data	on	sooting	tendency	of	DMC	complemented	with	computations	based	on	detailed	chemical	kinetic	mechanisms,	and	furthermore	reactivity	and	characterization	studies	of	the	soot	obtained	from	the
DMC	conversion,	are	still	missing.	The	determination	of	the	potential	of	DMC	to	form	soot	is	important	to	establish	practical	conclusions	on	how	the	addition	of	DMC	to	diesel	fuel	affects	the	sooting	tendency	of	fuel

















































































Ethylene	 concentration	 exhibits	 a	maximum	 around	 1075–1175	K	 (Fig.	2b).	 Its	 consumption	 is	 to	 yield	 acetylene	 via	 reaction	with	 vinyl	 radicals	 (C2H3),	 and	 by	 direct	 decomposition.	 Fig.	2c	 shows	 that
experimental	 acetylene	 concentration	 achieves	 a	maximum	 around	 1325–1375	K,	 while	 calculations	 slightly	 shift	 this	maximum	 toward	 lower	 temperatures	 (around	 1265	K).	 The	 experimental	 matching	 of	 the
temperature	at	which	the	maximum	acetylene	concentration	is	achieved,	and	the	temperature	at	which	soot	begins	to	be	formed	(1375	K,	in	Fig.	1),	suggests	that	probably	acetylene	is	consumed	to	yield	PAH	through
the	HACA	mechanism.
It	 is	observed	 in	Fig.	2d	that	an	 increase	 in	temperature	 leads	to	an	 increase	 in	H2	concentration,	which	 is	released	during	the	PAH	growth	through	the	HACA	mechanism.	Experimentally,	 the	 increase	of
hydrogen	formation	is	more	pronounced	at	1375	K,	which	fits	with	the	soot	formation	temperature	(Fig.	1).	Regarding	to	benzene,	its	concentration	profile	(Fig.	2e)	shows	a	maximum	around	1325–1375	K	and	its
consumption	is	involved	in	a	reaction	sequence	producing	species	that	yield	soot.














[17]	pyrolysis,	 in	the	1275–1475	K	temperature	range.	These	results	correspond	 to	an	 inlet	 total	carbon	amount	of	100,000	ppm.	The	acetylene	pyrolysis	 is	performed	at	 the	 same	residence	 times	 that	 the	DMC
pyrolysis,	tr	=	4168/T(K)	(s),	and	the	EtOH	pyrolysis	at	lower	residence	times	(1.06-–1.23	s).	As	expected,	the	soot	yield	in	the	DMC	pyrolysis	is	much	lower	than	the	soot	yield	in	the	acetylene	pyrolysis,	but	also	DMC
has	a	much	lower	tendency	to	form	soot	than	ethanol,	even	when	ethanol	pyrolysis	is	performed	at	a	lower	residence	time	(lower	residence	times	produce	less	soot	[18]).	This	low	propensity	of	DMC	to	form	soot	is
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Fig.	6	Evolution	of	carbon	conversion	with	time	for:	(a)	soot-O2,	and	(b)	soot-NO	interactions.
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Sample C	(wt%) H	(wt%) C/H	(molar	basis) SBET	(m2/g) SEXT	(m2/g) dp	(nm)
DMC3_1475 97.92 0.37 21.99 27.27 24.28 99–144
DMC5_1425 97.91 0.45 18.14 32.88 25.33 100–188














which	is	representative	of	a	crystalline	structure,	and	the	(1	0	0)	band	near	2θ	=	44°o	which	indicates	the	presence	of	amorphous	carbon.	The	interlayer	spacing	( ),	the	crystallite	height	( )	and	diameter	( ),
and	the	number	of	layers	in	a	crystallite	( )	are	calculated	using	the	Bragg’s	law	(Eq.	(6)),	the	Scherrer	formula	(Eqs.	(7)	and	(8)),	and	Eq.	(9),	respectively.
Wherewhere,	 	 is	 the	wavelength	 (1.54	 Å),	 	 and	 	 are	 the	Bragg’s	 angles	 for	 (0	0	2)	 and	 (1	0	0)	peaks,	 respectively,	 	=	0.9,	 	=	1.84,	 and	 	 and	 	 are	 the	 FWHM	 (full	 widths	 at	 half
maximum)	 for	 (0	0	2)	and	(1	0	0)	peaks,	 respectively.	The	 (0	0	2)	 and	 (1	0	0)	peaks	 are	 fitted	 to	 two	Gaussian	 curves	 in	 order	 to	 obtain	 the	Bragg’s	 angles	 and	FWHM.	The	 calculated	 structural	 parameters	 are
Fig.	8	TEM	imagensimages	of	soot	sample	DMC3_1475.






		 	 		 	 		 	 		 	 		 	 		 	 		 	
summarized	in	Table	3.
Table	3	Structural	parameters	extracted	from	X-ray	diffractograms.
Sample 	(Å) 	(Å) 	(Å) 	(layers)
DMC3_1475 3.62 18.22 68.60 5.03
DMC5_1425 3.64 16.82 71.38 4.61
DMC5_1475 3.62 18.43 66.26 5.08
For	all	the	soot	samples,	the	interlayer	spacing,	 ,	is	higher	than	that	of	pure	graphite	(3.35	Å),	suggesting	weaker	Van	der	Waals	forces	of	attraction	between	the	crystallites	layers	and,	consequently,	a
lower	order.	The	slight	increase	in	this	value	for	DMC5_1425	suggests	a	lower	stability	of	the	layers	and	then	a	lower	order,	thus	a	higher	reactivity.	It	is	kwon	that	the	crystallite	height,	 ,	is	directly	related	to
degree	of	order	[23].	The	more	noticeable	decrease	in	 	for	DMC5_1425	suggests	the	lowest	order,	thus	the	highest	reactivity.	Due	to	the	low	variation	of	 	and	 	in	the	soot	samples,	 	(number	of	layers	per







		 	 		 	 		 	 		 	
		 	
		 	
		 	 		 	 		 	 		 	
		 	 		 	
Table	4	Raman	spectroscopic	parameters	obtained	from	Raman	spectra.
Sample D-band G-band ID/IG
Position	(cm−1) FWHM	(cm−1) Position	(cm−1) FWHM	(cm−1)
DMC3_1475 1332.2 181.3 1588.5 86.7 1.35
DMC5_1425 1343.9 205.4 1597.6 84.1 1.40
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Fig.	10	Raman	spectra.
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